TITLE OF THE INVENTION 



IMAGE FORMING APPARATUS AND METHOD 

5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an image forming apparatus and method. More 
specifically, the present invention relates to an image forming apparatus and method in which 
a controller controls a charger such that a current supplied from the charger to a battery 
10 changes based on a detected current supplied to the image forming apparatus. 

DESCRIPTION OF THE RELATED ART 

A background image forming apparatus such as a copier, a facsimile, or a printer fixes 
a toner image onto a record medium with heat to make a copied or a recorded medium. The 

15 toner image is fixed via a fixing device onto the record medium, because the toner image 
melts, softens and permeates into the record medium. The record medium is also conveyed 
while being nipped in the fixing device. 

Japanese Published Unexamined Patent Application No. 2002-184554 shows an 
image forming apparatus including a heater and a battery. In this application, the temperature 

20 of the heater can be rapidly increased because the battery supplies power to the heater. 

Further, Japanese Published Unexamined Patent Application No. Hei 10-282821 
shows an image forming apparatus including a heater, a main power source and a battery. In 
this application, the battery is charged by the main power source during a standby time, and 
the battery discharges energy to the heater during a ramp-up period. 

25 Turning now to FIG. 3, which illustrates a portion of a background image forming 

apparatus. As shown, the portion 20 of the image forming apparatus includes a controller 3 
with a driver (not shown), a fixing device 4, a heating switch 7, a charger 8, a switching 
member 9, a battery 10, a voltage detector 1 1 for detecting a voltage of the battery 10, and a 
power source 21. The power source 21 is supplied with power from an external power source 

30 2 and supplies power for driving, e.g. 24V, and for controlling (e.g. 5V) to the controller 3. 
The fixing device 4 includes a fixing member and a member opposite to the fixing member 
(not shown), a temperature sensor 22 for detecting a temperature of the fixing member, a first 
heater 5 and a second heater 6 both configured to heat the fixing member. The fixing 
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member and the member opposite to the fixing member form a nip in which a record medium 
is passed between. Further, the switching member 9 includes a charging switch for 
connecting or disconnecting the charger 8 to the battery 10 and a discharging switch for 
connecting or disconnecting the battery 10 to the second heater 6. 
5 According to the structure described above, the charger 8 charges the battery 10 via 

the outside power source 2 when the switching member 9 connects the charger 8 to the 
battery 10. In addition, the battery 10 supplies power to the second heater 6 when the 
switching member 9 connects the battery 10 to the second heater 6, and meanwhile the 
outside power source 2 supplies power to the first heater 5 independently of the battery 10. 
1 0 Further, the controller 3 is supplied with power from the power source 21 , and receives a 

temperature detecting signal A from the temperature sensor 22 and a voltage detecting signal 
B from the voltage detector 1 1 . Based on the signal A and B, the controller 3 outputs a 
control signal C to switch on-off the heating switch 7 and a control signal D to switch the 
switching member 9. 

1 5 Thus, the first heater 5 and the second heater 6 heat the fixing member, and thereby a 

toner image is heated by the fixing member and fixed onto the record medium while passing 
through the nip. 

Next, FIG. 4A illustrates a timing diagram showing power supplied from the outside 
power source 2 to the background image forming apparatus without the second heater 6 as a 

20 comparative example, and FIG. 4B is a timing diagram showing power supplied from the 

outside power source 2 to the background image forming apparatus with the second heater 6. 

In the background image forming apparatus in FIGS. 3 and 4B, the controller 3 
controls the switching member 9 such that the battery 10 connects to the heater 6 during a 
ramp-up period. Thereby, it is possible to rapidly raise the temperature of the fixing member 

25 and thus shorten the ramp-up period. Meanwhile, the controller 3 controls the switching 
member 9 such that the charger 8 is connected to the battery 10 during a standby time. 
Therefore, the battery 10 is charged until a necessary voltage is achieved to supply power to 
the heater 6 at the next ramp-up period. 

However, the present inventor determined that the background image forming 

30 apparatus does not efficiently charge the battery 10 as described below. In more detail, FIG. 
5 is a table showing the relation between a copying speed and a standard of energy 
consuming rate for a copier using an A3 size record medium. The table is based on a target 
standard in 2006 in the Japanese Rationalization in Energy Use Law. The following 
expression is a calculated result of the energy consuming rate in FIG. 4A when the copying 
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speed is more than 40 and not more than 50. The electric energy is 800 W * 3 min during a 
ramp-up period, 1 100 W * 2 min during copying, 180 W * 15 min during a standby time, and 
80 W * 40 min during a low-power mode. That is, ( 800 * 3 ) + ( 1000 * 2 ) + ( 180 * 15 ) + 
( 80 * 40 ) / 60 = 1 7 1 .6 < 1 76 Wh / h so the target standard is satisfied. 

Further, the following expression is a calculated result of the energy consuming rate 
in FIG. 4B, when the charging energy is 150 W * 15 min during copying, the ramp-up period 
is 1 min, and thereby the low-power mode is 42 min in addition to the above condition. That 
is, ( 800 * 1 ) + ( 1000 * 2 ) + ( 330 * 15 ) + ( 80 * 40 ) / 60 = 185.2 > 176 Wh / h and the 
target standard is not satisfied. 



SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is to solve the above-noted and other 
problems. 

To achieve these and other objects, the present invention provides a novel image 
15 forming apparatus including a heater configured to heat and fix a toner image formed on a 
recording medium, a detector configured to detect a current supplied from an outside power 
source to the image forming apparatus, and a battery configured to supply power to said 
heater. Also included is a charger configured to charge the battery with the power supplied 
from the outside power source, and a controller configured to control the charger such that a 
20 current supplied from the charger to the battery changes based on the current detected by the 
detector. 



BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the present invention and many of the attendant 
25 advantages thereof will be readily obtained as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings, wherein: 

FIG. 1 is a block diagram of a portion an image forming apparatus according to a first 
embodiment of the present invention; 
30 FIGS. 2A-2C are timing diagrams showing the timings for the power supplied from 

an outside power source to the image forming apparatus, the timings for charging and 
discharging a battery, and the timings for charging or discharging the power in the first 
embodiment, respectively; 

FIG. 3 is a block diagram of a portion of a background image forming apparatus; 
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FIG. 4A is a timing diagram showing timings for power supplied from an outside 
power source to the background image forming apparatus without a second heater as a 
comparative example; 

FIG. 4B is a timing diagram showing timings for power supplied from the outside 
power source to the background image forming apparatus with a second heater such as shown 
in FIG. 3; and 

FIG. 5 is a table showing the relation between a copying speed and a standard of 
energy consuming rate for a copier using an A3 size record medium. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, the description will be made of embodiments of the present invention 
with reference to the drawings, wherein like reference numerals designate identical or 
corresponding parts through the several views. 

1 5 Turning first to FIG. 1 , which is a block diagram of a portion 1 of an image forming 

apparatus according to a first embodiment of the present invention. As shown, the portion 1 
of the image forming apparatus includes a detector 12, and a calculating circuit 13 in addition 
to the image forming apparatus 20 shown in FIG. 3. The detector 12 detects a value of a 
current and voltage supplied from the outside power source 2 to the portion 1 of the image 

20 forming apparatus. Further, the calculating circuit 13 calculates a power based on the current 
and the voltage values detected by the detector 12, and then outputs a signal E indicative of 
the calculated power to the controller 3. The calculating circuit 13 is shown as being separate 
from the controller 3, but may also be included in the controller 3. 

Next, FIGS. 2A-2C illustrate timing diagrams showing timings for the power supplied 

25 from the outside power source 2 to the portion of the image forming apparatus 1, the timings 
for charging and discharging the battery, and the timings for charging or discharging the 
power in the first embodiment. With reference to FIGs. 1 and 2A, during a ramp-up period, 
the controller 3 controls the switching member 9 such that the battery 10 connects to the 
second heater 6. During an image forming period, the power and the current supplied from 

30 the outside power source 2 to the image forming apparatus 1 changes according to how much 
power is supplied to each component in the image forming apparatus 1 such as an image 
scanning unit, an image forming unit, etc. Then, the controller 3 controls the switching 
member 9 such that the charger 8 is connected to the battery 10 based on the current detected 
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by the detector 12. The controller 3 also controls the charger 8 such that the current supplied 
from the charger 8 to the battery 10 changes based on the current detected by the detector 12. 

Further, as shown in FIG. 2A, the current supplied to the apparatus is not always 
constant. Thus, during periods when all of the current from the outside source is not being 
5 used (i.e., some of the components are not currently being operated and thus do not require 
power), the excess current is used to charge the battery by switching to connect the charger 8 
to the battery 10 as shown in FIG. 2B. Note that the shaded area in FIG. 2A illustrates time 
periods when not all of the current is being used by the image forming apparatus, and FIG. 
2B illustrates how the battery is charged during these time periods. FIG. 2C illustrates power 

10 charged and discharged by the image forming apparatus. 

In more detail, the controller 3 compares the power calculated by the calculating 
circuit 1 3 to a threshold value of power, and controls the switching member 9 such that the 
charger 8 is connected to the battery 10 when the calculated power is less than the threshold 
value of the power as shown in FIGs. 2 A and 2B. The threshold value of the power is not 

1 5 more than a rated apparent power. In addition, the controller 3 controls the charger 8 such 
that the charger 8 supplies a constant current to the battery 10 and supplies a power that 
corresponds to a difference between the calculated power and the threshold value of the 
power as shown in FIG. 2C. 

In this embodiment, the battery 10 includes an electric double-layer capacitor, which 

20 can supply a higher-density power that is at least three times that of a lead acid battery and a 
nickel cadmium battery, and thus can supply a large amount of power in a short time. 
Further, the electric double-layer capacitor can be rapidly charged in a few seconds using a 
large current, and thereby the electric double-layer capacitor can be charged even though a 
time period for charging is short during the image forming period as shown in FIG. 2A, for 

25 example. 

In addition, the electric double-layer capacitor charges and discharges by physically 
absorbing ions and not by chemical reaction. Thus, the capacitor's lifetime is less vulnerable 
to a shortened life span due to the battery being repeatedly charged and discharged. For 
example, a lifetime of the nickel cadmium battery lasts for about 500 to 1,000 charging and 
30 discharging times, which is equivalent to about a month if the battery is charged and 

discharged 20 times a day. Meanwhile, the capacitor's lifetime lasts for about 100,000 times 
of charging and discharging. Therefore, it is possible to significantly lengthen the lifetime of 
the battery 10 when a electric double-layer capacitor is used. 
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In addition, when the image forming period is long, it is possible to completely charge 
the battery 10 during this image forming period. However, when the image forming period is 
short, the battery 10 is also charged during the standby time as shown in FIGs. 2A and 2B. In 
addition, as shown in FIGs. 2A and 2B, a lot of current from the external power source 2 can 
5 be used to charge the battery during the standby time because of the large difference between 
the calculated power and the threshold value of the power. Thus, the standby time period 
does not have to be lengthened to charge the battery 10, which differs from the lengthy 
standby time period needed to charge the battery shown in FIG. 4B. 

Further, as discussed above, the electric double-layer capacitor can supply a large 
10 amount of power in a short time. Therefore, it is possible to be exempt from the Japanese 
Rationalization Energy Use Law, which requires that the standby time period be not more 
than 15 min when the ramp-up period is not more than 30 sec. 

Turning now to the following expression, which is a calculated result of the energy 
consuming rate when the copying speed is more than 40 and not more than 50. In this 
15 instance, the electric energy is 800 W * 30 sec during a ramp-up period, 1500 W * 2 min 
during copying, 1500 W * 30 sec during a standby time period while the battery is charged, 
180 W * 30 sec during a standby time without the battery being charged, and 80 W * 56.5 
min during a low-power mode. That is, ( 800 * 0.5 ) + ( 1500 * 2 ) +( 1500 * 0.5 ) + ( 180 * 
0.5 ) + ( 80 * 56.5 ) / 60 = 146 « 176 Wh / h and the target standard is satisfied by a greater 
20 margin than in the background apparatus. 

Further, the battery 10 disclosed in the embodiments above may also supply power to 
the second heater 6 during the image forming period, and the first heater 5 does not 
necessarily have to be included in the image forming apparatus 1 . 

In a modification of the first embodiment, the controller 3 compares the current 
25 detected by the detector 12 with a threshold value of the current. Then, the controller 3 

controls the switching member 9 such that the charger 8 is connected to the battery 10 when 
the detected current is less than the threshold value of the current. Further, the threshold 
value of the current is determined based on a rated apparent power and voltage. In addition, 
the controller 3 controls the charger 8 such that the charger 8 supplies a constant current to 
30 the battery 10. The charger 8 preferably supplies the constant current in correspondence with 
a difference between the detected current and the threshold value of the current. 

In another modification of the first embodiment, the image forming apparatus 
includes a detecting circuit (not shown) for detecting a power consumption of the image 
forming apparatus except the power used by the detector 12. In this instance, the detecting 
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circuit detects the power consumption by detecting whether each electric load in the image 
forming apparatus is in an ON state or an OFF state, or by a sequence program that controls 
each electric load in the image forming apparatus. 

Obviously, numerous modifications and variations of the present invention are 
5 possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the invention may be practiced otherwise than as specifically 
described herein. 



7 



